ABsTRAcr-New aulacopleuroidean trilobites from the Lochkovian of Oklahoma include the otarion,ine Cyphaspis carrolli new species from the Haragan Formation, and the brachymetopid Cordania wessmani new species from the overlying Bois d'Arc Formation. Cyphaspis carrolli is the first record of the genus from the North American Devonian. It is a highly plesiomorphic species, dissimilar to contemporaries from Europe, but closely related to Silurian species from Northern Laurentia and England. Cordania wessmani had previously been interpreted as a possible sexual dimorph of Cordania fa/cata Whittington, 1960, but new material and information shows that the forms occur separately with no stratigraphic overlap. New information on trilobite occurrence in the Haragan and Bois d' Arc Formations does not support previous hypotheses of trilobite sexual dimorphism, but rather indicates the presence of distinct, stratigraphically successive faunas.
and represent sites of detailed excavation and sampling by commercial and amateur collectors. The localities are as follows: 1) F. Wessman quarry (Figure 1 .1). Type locality of Cordania wessmani new species. Positioned immediately north of Amsden's (1960) line of section Cl, spanning the gradational contact of the upper Haragan and lower Bois d' Arc Formations. This contact is drawn at the first occurrence of nodular and lensoid, tripolitic chert within the sequence of calcilutites and marlstones [disregarding Amsden's thin unit L; see Amsden (1960, p. 185-186) and below]. The holotype of C wessmani was collected above this contact, and hence from Amsden's unit P, the Cravatt Member of the Bois d'Arc Formation.
2) R. Carroll Upper Quarry (Figure 1. 3). Of similar stratigraphic position to the Wessman quarry, spanning the Haragan/ Bois d'Arc contact.
3) R. Carroll Lower Quarry (Figure 1 .4). Amsden (1960, p. 88) included some minor and laterally discontinuous cherty beds within the Haragan Formation. One such occurrence is his unit L, a 2.95 m (9') thick cherty marlstone. Unit L is separated from the first otherwise prominent occurrence of cherts marking the base of the Bois d'Arc by nearly 19.68 m (60') of chert-free limestone. Amsden chose to retain this interval (units L-O) LOCAUTIES, STRATIGRAPHY, AND DISTRIBUTION OF TRILOBITES within the Haragan, rather than drawing the base of the Bois The stratigraphy of the Siluro-Devonian Hunton Group was d'Arc at the base of unit L. In the area of section Cl and the documented by Amsden (1960) . Campbell (1967) described the Old Hunton Townsite, unit L forms a local topographic bench Upper Silurian (Ludlow) trilobites of the Henryhouse Forma- (Amsden, 1960, p. 88, 186) . This bench runs along the top of tion. Ormiston (1968) dealt with Devonian trilobites from the R. Carroll's lower quarry. The quarried beds are immediately Turkey Creek Inlier, a unit historically referred to or correlated beneath it, and belong to Amsden's unit K of the Haragan Forwith the Hunton Group, but shown by Amsden et al. (1968) mation. and Ormiston (1968) to be of probable Emsian age. Campbell 4) A. Graffham (Geological Enterprises) Quarry (Figure 1 .
5). (1977) described the Lochkovian trilobites of the Haragan and
This locality lies directly to the south of the R. Carroll quarries Bois d'Arc Formations, and Pragian forms of the overlying Fris-and has been actively collected for decades. It is similar in co Formation (see Amsden et aI., 1968, Boucot and Johnson, stratigraphic position to the Wessman quarry and the upper 1967, and Lundin, 1968 , for discussion of the age and correCarroll quarry. The bulk of the actively quarried beds are from lation of the units).
a one metre interval of the Cravatt Member of the Bois d'Arc Campbell's (1977) study was based largely on institutional Formation, some ten metres above the contact with the Haracollections, often with imprecise stratigraphic control. The Hargall,. This is the locality from which Campbell's material (specagan/Bois d'Arc trilobite faunas were essentially treated as an imen ANU 14849 and others) of "Type B" of Cordaniafa/cala undivided whole, in the absence of comprehensive information (C wessmani new species, herein) was collected and subseon stratigraphic occurrence. In this work, we have gathered quently sold to the Australian National University (A. Graffham, information on trilobite occurrences from four separate localipersonal commun.). ties in the area of the Old Hunton Townsite (Figure 1 ). These
With information from four localities, and collecting concenlocalities are scattered around Amsden's (1960) section Cl (Fig-trated on two distinct units of the Haragan/Bois d'Arc, it is ure 1.2), a major source of material for Campbell's (1977) Campbell (1977, p. 26) as possibly sexually dimorphic, as were several species belonging to other groups. The present work has three goals:
1) The presentation of new stratigraphic information from three independent sources, which has bearing on polymorphic species interpretations and indicates that at least some of the Hunton Group trilobites had nonoverlapping, stratigraphically restricted ranges.
2) The description ofa heretofore unreported new otarionine, Cyphaspis carrolli new species from the Haragan and Bois d' Arc Formations.
3) The demonstration that occurrences of the "morphs" of the species Cordania fa/cata are stratigraphically separate, and the description of the second morph as C wessmani new species. and occurrences of many of the taxa described by Campbell (1977) . In short, the fauna of unit K of the Haragan Formation has species in common with the younger fauna from unit P of the Cravatt Member, Bois d'Arc Formation, but there are also many species that apparently occur in one unit, but not the other. The picture remains incomplete, and no detailed log of occurrence has been attempted through the intervening strata (units L-O). Nevertheless, there is now considerably more information on coocurrence than was available to Campbell. It is important to note that rejection of dimorphic species interpretations does not require complete knowledge of stratigraphic ranges-if one "morph" can be shown to occur in abundance at any single horizon, to the complete exclusion of the other, this in itself is in serious conflict with the possibility of intraspecific dimorphism [a corollary of Campbell's (1977, p. 10) criterion 1]. The fauna of unit K of the Haragan Formation (at Carroll's lower quarry) includes the following species that are not known to occur in unit P of the Cravatt Member, Bois d' Arc Formation: Ceralonurus new species; 8-segmented "Type A" of Keltneraspis williamsi (Whittington, 1956 ); 9-segmented "Type A" of Keltneraspis williamsi; Cordaniafalcala Whittington, 1960; Kainops raymondi (Delo, 1935) ; and Reedops deckeri Delo, 1935. Species apparently occurring in both units include: Paciphacops campbelli Ramsköld and Werdelin, 1991; Dicranurus elegantus Campbell, 1977;  possibly Huntonia oklahomae Richardson, 1949 , although the dalmanitids require further work; and Cyphaspis carrolli new species. The latter, however, is common in unit K, while over many years of excavation only two specimens have ever been recovered from the Cravatt Member, at the extensively worked Geological Enterprises quarry.
Species occurring in unit P, Cravatt Member, Bois d'Arc Formation, but not in unit K, Haragan Formation, include: Maurolarion axitiosum (Campbell, 1977) ; Oinochoe coccymelum (Campbell, 1977) ; Kainops invius (Campbell, 1977) ; Odontochile syncrama Campbell, 1977 ; Cordania wessmani new species; and "Type B" of Kettneraspis williamsi (Whittington, 1956) .
At the least, this new information indicates the presence of distinct, stratigraphically successive trilobite faunas, with separation of the temporal ranges of some species. Although taxonomic information is not yet comprehensive, this fact alone poses problems for various polymorphic species interpretations of Campbell (1977) . For example, it is now known with certainty that the 9-segmented "Type A" and "Type B" morphs of Keltneraspis williamsi each occur at well-sampled horizons to the exclusion of the other. This corroborates the suggestion of Ramsköld and Chatterton (1991, p. 340-341) , and effectively eliminates the possibility of sexual dimorphism. Further implications of the new occurrence data are examined in discussion of Cordania wessmani below.
SYSTEMATIC PALEONTOLOGY
Repository. -Type material is housed in the paleontological collections of the National Museum of Natural History (Smithsonian Institution), with specimen numbers prefixed USNM.
Terminology. -Numbering and designation of juvenile cranidial spines follows Adrain and Chatterton (1994) .
Terms have in the past been applied to the cephalic border morphology of brachymetopids following two separate interpretations of homology. Owens and Thomas (1975, text-figure 2) argued that the broad cephalic doublure of brachymetopids represents growth inwards underneath and beyond the true cephalic border furrow. Following this view, the deep outer furrow of species like Cordaniafalcala Whittington, 1960 (e,g., Campbell, 1977 ) is considered the true border furrow, while a shallower inner furrow marking the inner extent of the doublure is considered a secondarily acquired paradoubluralline.
In contrast to this opinion, Campbell (1977) considered the furrow aligned with the inner edge of the doublure to be the true border furrow. The entire dorsal region distal to this furrow is then considered the true border, and an outer furrow (which is variably developed, and is essentially absent, for example, in Cordania wessmani) is termed the epiborder furrow. Campbell's usage is followed herein.
Superfamily AULACOPLEUROIDEA Angelin, 1854 Diagnosis and discussion. -See Owens in Owens and Hammann (1990) , Adrain and Chatterton (1993) , and discussion of Brachymetopidae below.
Family AULACOPLEURIDAE Angelin, 1854 Subfamily OTARIONINAE Richter and Richter, 1926 Diagnosis and discussion. -See Adrain and Chatterton (1994 , 1995a , 1995b .
Genus CYPHASPIS Burmeister, 1843
Type species. -Phacops ceralophlhalmus Goldfuss, 1843, Ahrdorf Formation, Eifelian, Gees near Gerolstein, Eifel, Germany.
Diagnosis and discussion. -See Adrain and Chatterton (1994, 1996) .
CYPHASPIS CARROLL! new species
Figures 2,3 Diagnosis. -Anterior border long (sagittally, exsagittally); LI large; very distinct, smooth muscle attachment area along adaxial edge of SI; very short median occipital spine retained; genal spine slender and short (for genus); thoracic axial spine long, extending well past posterior ofpygidium; pygidium with three axial rings and obscure fourth merged with terminal piece.
Descriplion. -As full descriptions ofrelated species have recently been published (Adrain, 1996; Adrain and Chatterton, 1996) , an abbreviated treatment is given, emphasizing contrasts with similar congenerics.
Anterior border slightly longer (sag., exsag.) than occipital ring, with sculpture of moderate and small tubercles restricted mainly to lateral aspect; anterior border furrow moderately deep and evenly arcuate; preglabellar field long for genus, about subequal in length (sag.) to anterior border, with sculpture of sparsely scattered, moderate-sized tubercles; eye ridge and Fx4 retained visible but not prominent in holaspid; interocular fixigena wide for genus; palpebral lobe nearly equal in length (exsag. vs. sag.) to anterior border, with PI retained and prominent, and small pit at midlength near lateral margin; interocular fixigena and posterior fixigena with sculpture of scattered tubercles similar to preglabellar field and frontal area, Fx 1-3 only occasionally distinct; median glabellar lobe with G 1-3 not discernible, sculpture of scattered large tubercles on dorsomedian area and densely scattered moderate-sized tubercles elsewhere; SI broad, deep, defining very large LI (for genus); LI with slight lateral displacement from outline of glabella, sculpture of 6-7 small scattered tubercles; SOlong (sag., exsag.), deep, with apodemal notch behind LI; LO shorter than anterior border (sag., exsag.), with short median spine and 8-10 scattered tubercles, mainly on posterior part; posterior border furrow deep; posterior border short (exsag.) adaxially, longer abaxial to fulcrum, with at most a few very subdued dorsal tubercles; posterolateral fixigena and posterior border narrow (tr.).
Librigena with tall eye, about one-third to one-half height of glabella; eye small, short (exsag.); bilobate eye socle subdued; field with width (tr.) similar to length (exsag.), with sculpture of evenly distributed moderate-sized tubercles; lateral border furrow moderately deep, contacting deeper posterior border furrow in front ofgenal angle; lateral border broad anteriorly, narrowing somewhat posteriorly, with sculpture similar to anterior border; genal spine very narrow, subequal in length to remainder of librigena.
Rostral plate with maximum anterior width four times sagittal length; connective sutures long; concave posterior margin very narrow; ventral surface with three or four fine terrace lines, confluent with those of librigenal doublure. Hypostome unknown. Thorax of eleven segments; pleural and median lobes similar in width; all segments with transverse row of small tubercles across posterior pleural band and axial ring; fulcrum set at onehalf distance distally on pleural lobe; pleural furrow and axial furrow deep; pleural tip subquadrate; long, slender median spine on segment six, tapering gently, and extended past pygidium at least one third length of thorax.
Pygidium with length (sag., excluding articulating half-ring) about 40 percent width; three axial rings well defined, obscure fourth barely distinct from broad terminal piece; axial furrows deep anteriorly, shallowing posteriorly, but meeting to fully define axis and postaxial area; interpleural furrows shallower than intrapleural furrows, both defined on anterior three segments, becoming less impressed posteriorly; transverse tuberculation similar to thorax, becoming smaller and narrower posteriorly, not developed behind third segment; furrows and tubercles terminated at narrow, smooth border.
Discussion. -Despite its Devonian age, Cyphaspis carrolli has a very primitive morphology, and it bears little apomorphic resemblance to any contemporaneous congeneric species. In fact, it is exceedingly similar to the oldest known member of the genus, C. munii Adrain and Chatterton, 1996, from the Silurian (Wenlock; mid-Sheinwoodian) of northwestern Canada. As discussed by Adrain and Chatterton (1994) , the oldest members of both Olarion (O. huddyi Adrain and Chatterton, 1994) and Cyphaspis (c. munii) occur together at horizon Avalanche Lake Four, 126 m above base, in the central Mackenzie Mountains, Northwest Territories. Those species are very similar to one another, but each bears distinctive apomorphies of their respective clade. The same argument applies to C. carrolli. It resembles primitive members of Olarion (the "Conoparia morphology" of Adrain and Chatterton, 1994, p. 312), but is immediately distinguished as Cyphaspis in the possession of an inflated glabella that overhangs the preglabellar field when the occipital ring is oriented vertically (Figure 2 .9, 2.12, 2.13), eleven thoracic segments with a very long axial spine on the sixth (Figure 2 .1, 2.2, 2.13), and a narrow pygidium with only three well-expressed axial rings and with prominent transverse tubercle rows on the rings and posterior pleural bands ( Figure  2.11) .
Cyphaspis carrolli resembles C. munii in the following features: long anterior border; large LI; glabella not as inflated as most congenerics; median occipital node retained as short spine in large holaspides; pygidium with only three well-defined axial rings, bearing prominent transverse tuberculation on rings and posterior pleural bands. All of these features are plesiomorphic, and hence cannot be used to support a sister-species relationship. A possible exception is the short median occipital spine, which is shared by the species to the exclusion of most congenerics (an exception is the Pragian C. sidiarounia (Alberti, 1969». Adrain and Chatterto'n (1996) , however, argued that this feature, together with the presence of only eleven thoracic segments, might be a reflection of a paedomorphic origin of the group. If this is the case, then possession of the median occipital spine is also plesiomorphic, not indicative of any special relationship between C. carrolli and C. munii.
The species differ in that Cyphaspis carrolli bears even larger LI, SI with a more prominent smooth area along its adaxial edge, anterior sections of the facial sutures that are forwardly convergent, rather than slightly divergent, in front of the eye, and shorter, more slender genal spines. Of these, size ofLI and the genal spine are comparable to the oldest and most plesiom-orphic Olarion, O. huddyi. Cyphaspis carrolli seems therefore to be even more primitive than C. munii, and may represent the most plesiomorphic Cyphaspis yet found. This hypothesis indicates a ghost lineage (Norell, 1992) extending from the Sheinwoodian to the Lochkovian.
The only alternative is that Cyphaspis carrolli is a paedomorph, derived from a stock closer to it in time and with a more advanced morphology. While paedomorphosis seemingly played a major role in the evolution of the subfamily (Adrain and Chatterton, 1994) , there is little reason to suspect its influence in the phylogenetic history of C. carrolli. Paedomorphic otarionines are usually readily identified by the retention in the holaspid of the juvenile cephalic spine array. This situation is common in Olarion, resulting in the artificial grouping of such species in Olarionella Weyer, 1965 (considered a synonym of Olarion by Adrain and Chatterton, 1994), but has not been observed in Cyphaspis, and certainly does not occur in C. carrolli. Hence, the species evidently represents a primitive Laurentian stock that survived in essential morphological stasis since probably Wenlock time. Elymology.-After Robert Carroll, who collected and donated specimens from his quarry for study.
Family BRACHYMETOPIDAE Prantl and Pribyl, 1951
Discussion. -The subfamilial composition of this family has been the subject of considerable debate, and has bearing also on familial groupings within Aulacopleuroidea. In order to make explicit the manner in which the names are applied herein, it is necessary to review the somewhat confusing history of classification. Owens and Thomas (1975) described the new genus Radnoria and placed it within the Brachymetopinae, at that point as the only pre-Devonian member. They further included within Brachymetopidae the Warburgellinae Owens, 1973, a taxon generally considered to belong within Proetidae Salter, 1864. The concept of a brachymetopine-warburgelline relationship was criticized at length by Campbell (1977; see also Holloway, 1980) , defended by Thomas (1978; also Owens, 1986) , but ultimately retracted by Owens (in Owens and Hamman, 1990, p. 239) . Campbell (1977) proposed a subdivision within generally accepted brachymetopids between a nominate subfamily including Brachymelopus McCoy, 1847, Auslralosulura Campbell and Goldring in Amos, Campbell, and Goldring, 1960, and Proelides Walter, 1924 , and his new Cordaniinae, to which Cordania Clarke, 1892, and Radnoria Owens and Thomas, 1975 , were assigned. Cordaniinae, however, was conceived as an expressly paraphyletic taxon, as Campbell (1977, p. 10-11) considered that the genus Myslrocephala Whittington, 1960, "is an Early Devonian contemporary of Cordania and probably represents the divergent morphology from a Radnoria-like Silurian cordaniine to the Late Devonian-Carboniferous brachymetopines." Of subsequent authors, only Holloway (1980) taxon is implicit in Engel and Morris's (1991, 1992) citation of the nominate subfamily for Brachymelopus and Auslralosulura. Thomas (1978:48-49) and Owens (1986; in Owens and Hammann, 1990 ) have rejected Campbell's concept of Cordaniinae, classifying all of the genera involved in an undivided Brachymetopinae. Owens (in Owens and Hamman, 1990) , has advocated the inclusion of a monotypic subfamily Scharyiinae within Brachymetopidae. The composition ofScharyiinae has itself been quite labile, and opinion regarding its higher relationships has varied. Osm61ska's (1957) original concept was monotypic and the taxon was generally regarded as Proetoidea incertae sedis (see Owens, 1974, p. 687 for a review of classification to that point). Owens (1974) assigned only Scharyia to Sch~ae, but suggested a phyletic link with Panarchaeogonus Opik, 1937. Both Scharyiinae and Panarchaeogonus were assigned to Otarionidae Richter, 1926 (see Fortey and Owens, 1975, p. 233) . Thomas and Owens (1978) considered Aulacopleuridae to be a senior synonym of Otarionidae, with the subfamilies Aulacopleurinae and the monotypic Scharyiinae. Subsequently, Owens (1979) expanded Scharyiinae to include both Panarchaeogonus, Isbergia Warburg, 1925 , and bis new Cyamella Owens in Owens and Hammann, 1990 (pro Cyamops Owens, 1979 ). Fortey (1980) then assigned his new Oenonella, Owens (personal commun. in Tripp et al., 1989 ) Madygenia Petrunina in Repina et al., 1975, and Peng (1990) bis Proscharyia. Finally, Owens (in Owens and Hammann, 1990) again considered the subfamily monotypic, transferring Panarchaeogonus and Madygenia to Aulacopleuridae, Cyamella and Isbergia to Rorringtoniidae, and Oenonella to Brachymetopidae.
Classification of Aulacopleuroidea is obviously in a state of flux. Herein, Scharyia is considered most likely to form a clade with Panarchaeogonus and Proscharyia, but this taxon is recognized at the familial level, following Adrain and Chatterton (1993) . Brachymetopidae as understood herein essentially follows Owens (in Owens and Hammann, 1990) , with the exclusion of the scharyiids and Oenonella. Excellent silicified material of the latter has been recovered from the Whiterockian of western FlOURE5-All specimens from the Haragan Formation, Lochkovian, Oklahoma. 1, 2, 4, 6, Cordania wessmani new species, dorsal exoskeleton, ANU 14849, dorsal cephalic, left lateral, anterior, and dorsal thoracopygidial views, x 5 (figured Campbell, 1977, plate 5, figure 4) . 3, 5, 7, 8, CordaniafaJcala Whittington, 1960.3,5,7, cepbalon, USNM 489774, dorsal,left lateral, and anterior views, x3; 8, hypostome Discussion.-Cordania is a typical element of the Lower Devonian Appalachian province, and has been considered endemic to those assemblages (e.g., Ormiston, 1972) . Zhou (1989) , however, considered Latecephalus Nan, 1976, from the Devonian ofInner Mongolia and Xinjiang, China, to be a junior synonym of Cordania. noting that it was associated in both areas with genera very similar to those of the Appalachian faunas. Although more information is required, Lalecephalus seems more similar to Myslrocephala, and is possibly a junior synonym of that taxon. Nevertheless, the geographic distribution of Cordania has definitely been extended by its discovery in Lochkovian rocks of the Amphitheatre Group, Cobar region, New South Wales, Australia (M. Ebach, personal commun.). Diagnosis. -Epiborder furrow and border roll absent; anterior border furrow very deep; short preglabellar field present; glabella relatively short (sag.); eye short (exsag.); lateral margins of genal spines with lateral convexity.
Description. -Cephalon with exsagittal length 53 percent of maximum width across posterior border; cranidium with exsagittallength 74 percent of maximum width across anterior border; anterior border with even, arcuate, anterior convexity, length (sag., exsag.) similar medially and laterally, in sagittal profile 83 percent that of glabella excluding LO;anterior border with gentle dorsal convexity on posterior 80 percent, dorsally concave in very shallow epiborder furrow near anterior margin; anterior margin rim-like, with one or two faint, subparallel terrace lines; anterior border with sculpture of dense, fine pits and moderately coarse tubercles of variable size; sculpture subdued in epiborder furrow; anterior border furrow deep and trough-like; preglabellar field very short, but present; preglabellar field and triangular frontal area with sculpture of pits and tubercles similar to that on posterior part of anterior border; preglabellar furrow slightly shallower than anterior border furrow, with moderate anterior convexity; glabella with length (exsag.) excluding LO subequal to maximum width across LI, moderately inflated; glabellar sculpture of evenly distributed dorsal tubercles and smooth band ventrally above preglabellar and axial furrows; axial furrows similar in depth to preglabellar furrow, with slight posterior divergence in front ofLl, bowed laterally around LI; LI prominent; SI narrower but similar in depth to axial furrow; SOlong (sag., exsag.), deepest behind LI; S2 notch-like; L2 with slight independent inflation; LO slightly longer (sag.) than preglabellar field, with prominent median tubercle set slightly posteriorly and very faint tubercles abaxially; interocular fixigena broad, with gentle dorsal convexity, sculpture absent save for faintly retained primary fixigenal tubercles; palpebral lobe large, with faint central pit and more prominent abaxial tubercle; posterior border furrow similar in depth to axial furrow, abbreviated by small sutural ridge at fulcrum; posterior border short (exsag.) adaxial to fulcrum, lengthening abaxially, with smooth sculpture.
Librigenallateral border with anterior dimensions similar to those of anterior border, steadily narrowing posteriorly beside field and along abaxial aspect of genal spine; epiborder furrow very shallow, slightly deeper posteriorly, fading completely by one third distance along genal spine; border with sculpture similar to anterior border, but with additional very fine tubercles scattered along epiborder furrow and somewhat better defined terrace lines along margin; lateral border furrow deep, widening significantly posteriorly, uniting with similarly deep posterior border furrow to run posteriorly along adaxial aspect of genal spine, and with sculpture posteriorly of fine pits; librigenal field subrectangular, gently convex, sculpture ofa few small tubercles; eye socle of a single narrow band beneath eye and single inflated lobe beneath band anteriorly; eye with height about two thirds length (exsag.), oriented vertically; posterior border similar in length to faint lateral border roll, extended posteriorly along adaxial edge of genal spine; genal spine broad, subtriangular, tapering posteriorly to sharp point opposite posterior part of pygidial axis.
Rostral plate and hypostome unknown. Thorax of nine segments; axis widest across first segment, narrowing very slightly posteriorly until fifth segment, then narrowing more significantly; width of axis of ninth segment about 75 percent that of first segment; axial lobe slightly wider than pleural lobe; axial rings of anterior segments transversely straight, posterior rings becoming slightly sinuous to describe very shallow "w" shape in plan view; axial ring sculpture of subdued median node and very faint scattered tubercles; axial furrow broad and shallow; fulcrum set at half width of pleural lobe; posterior pleural band about double length (exsag.) of anterior band on proximal part of pleurae, lengthening significantly abaxial to fulcrum; pleural furrow short (exsag.) and deeply incised; anterior pleural band forming small, subtriangular articulatory boss at fulcrum; pleural tips lobate and blunt behind petaloid articulating facet.
Pygidium with maximum width twice exsagittal length excluding articulating half ring; axis about 90 percent sagittal length of pygidium; eight or nine axial rings, becoming much less distinct posteriorly; ring furrows forming deep slots abaxially, shallowing sagittally, but complete on anterior four or five segments; axial furrow similar in depth to that of thorax anteriorly, shallowing posteriorly, rear of axis defined mainly by sharp break in slope; anterior and posterior pleural bands of seven segments well defined, pleural furrows shallowing slightly posteriorly; very prominent, dorsally convex, rim-like border set off by deep border furrow; pleural and interpleural furrows terminate abruptly at border furrow; entirety of pygidium with smooth dorsal sculpture, except for very faint median nodes on the anterior axial rings.
Discussion. -Cordania wessmani is immediately distinguished from all congenerics by its extremely shallow epiborder furrow, the complete absence of a border roll, and the very deeply impressed anterior and lateral border furrows. It differs further from the older C. falcala in the presence versus absence of a short preglabellar field (cf. Figure 4 .4 with Campbell, 1977 , plate 4, figure l, plate 5, figure 2b) ; a glabella that is broader and shorter (cf. figure 14) . Nevertheless, the species are each other's closest comparison and are interpreted as sister taxa. In thoracopygidial morphology they are virtually identical, with the exception that the pygidial pleural bands ofC. wessmani appear to become less distinct posteriorly (Figure 4.1) . Campbell (1977, p. lü-II) listed six criteria for the recognition of sexual dimorphs in fossil organisms and proposed dimorphic or polymorphic interpretations for species of phacopids, dalmanitids, odontopleurids, and lichids in the Haragan fauna. He described and discussed some of the material here assigned to Cordania wessmani as "Type B" of C. falcala, and suggested that it possibly represented a sexual dimorph of that species (Campbell, 1977, p. 24-26) . Ramsköld and Werdelin (1991) argued that Campbell's criteria were generally not met by his phacopid examples and rejected polymorphism. Ramsköld and Chatterton (1991) similarly examined and rejected claims for polymorphism in Haragan material of the odontopleurid Kettneraspis. The situation with regard to Cordania is summarized below, in response to each of Campbell's numbered criteria.
1. "The common occurrence in collections from one horizon and locality of two closely related but sharply distinct morphs." This is of primary importance; if cooccurrence cannot be established, there is no case for sexual dimorphism. As outlined above, all available information indicates that Cordaniafalcala and C. wessmani are of different ages and are not known to occur together at any horizon.
2. "The common occurrence in collections from formations of similar ages of pairs of such related species." No collection of Cordania from any other formation of any age has been claimed to show dimorphic variation.
3. "Differences between the pairs in characters that are known to be sexually dimorphic in living arthropods." The morphologic differentia of Cordania falcala and C. wessmani have no relevant extant homologues.
4. "The presence of three closely similar but sharply distinct morphs at any locality." This criterion is not relevant to the proposed dimorphism in Cordania.
5. "The presence at a locality of several pairs of such species, pairs belonging to totally unrelated genera, is more probably the result of dimorphism than multiple sympatry."
The presence of such pairs in other groups has been rejected, as discussed above.
6. "The presence at a locality oftwo morphs that are identical except for one strikingly different character."
Why such variation should under any circumstance be an indication of dimorphism as opposed to evolution is unclear. Even so, Cordania falcala and C. wessmani do not occur together at any locality, and differ in more than one character as discussed above. In summary, subsequent information has shown that Campbell's (1977) Figure 5 . 3, 5.5, 5.7, 5.8 Cordaniafa/cata WHITTINGTON, 1960, p. 411, pI. 51, fig. 8, Il, 14-18; pl. 52, fig. 3, 5. CAMPBELL, 1977, p. 22, plate 4, fig. 1,2 ; pl. 5, fig. 1-4 .
Discussion. -The morphology of this species has been thoroughly discussed by Whittington (1960) and Campbell (1977) . The hypostome of this or any other species of Cordania, however, has not previously been described. An example excavated in dorsal orientation ( Figure 5.8) 
